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(54) Title: EXPANDABLE JOINT CONNECTOR 




JS (57) Abstract: Methods and apparatus are provided for obtaining a secure mechanical connection and a pressure-tight seal in the 
J*jj overlapping area of two telescoping tubular bodies (26 and 27). The two bodies, including the overlapping area, are radially expanded 
^ to increase the inside diameter of the bodies. The expansion forces an annular seal (28) in the overlapping area into a pressure-sealing 

engagement between the bodies. A string of pipe assembled from joints secured to each other by telescoping, threadedly engaged 
^ expanded pin (26) and box (27) connections may be radially expanded into a surrounding well bore to provide a cased well having an 

internal diameter greater than the original internal diameter of the pipe string. The annular seal in the connection comprises an annular 
Q elastomeric seal ring (29) and an annular Teflon spacer ring (30). Radial expansion of the connection causes axial contraction of the 

groove (31). which acts with the spacer ring to expand the seal ring radially to seal the annular space created between the expanded 
^ pin (26) and box (27). 



WO 01/04520 

PCT/US00/40341 

-1- 

EXPANDABLE JOINT CONNECTOR 



Background of the Invention 



Field of the Invention 

The present invention relates generally to methods and apparatus for connecting 
5 tubular bodies. More specifically, the present invention relates to methods and apparatus 
for effecting a secure mechanical engagement and seal in the connected ends of pipe 
sections that are expanded radially to form an increased internal diameter pipe string. 

Description of the Prior Art 

A new technique for casing well bores expands the well casing pipe radially after 

10 the casing pipe string has been lowered into a well bore. The casing string is enlarged 
radially by moving an oversized forging tool, or "pig," through the string, causing the 
string to expand radially beyond its original radial dimensions. This technique allows 
subsequent strings of casing to be lowered through the previously enlarged casing string 
sections and thereafter similarly expanded. The result is a well cased by a series of 

1 5 linked sections of casing having substantially the same internal diameters. The procedure 
is explained in greater detail in U.S. Patent No. 5,344,095, assigned to Shell Oil Co. 

Conventional casing strings are made up of a series of individual pipe joints 
secured together at their ends by threaded connections. Typically, a joint of casing is 
approximately 40 feet in length and has a threaded male "pin" connection at one end of 

20 the joint and a threaded female "box" connection at the opposite joint end. The joint may 
have a pin at each end, with the box connection being formed by a short coupling 
threaded onto one of the pin connections. Some casing is made with the box connection 
integrally formed at one end of the casing joint. These integral box connections may be 
radially larger than the pipe body, or they may be the same size. In the latter case, the 

25 connection is called a flush joint connection. 

The threaded engagement between a properly secured pin and box connection in 
a conventional casing joint is effective in maintaining a secure mechanical connection 
that holds the string together and effectively seals the internal casing area from the 
formation well bore environment. When the casing string is enlarged radially, a 
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conventional connection changes dimensionally in a way that can prevent the engaged 

componentsoftheconnection from properly engagingand sealing. The radial expansion 
of a conventional connection may also weaken or otherwise damage the pin and box 
structure sufficiently to permit mechanical separation. 
5 Threaded connections for oil field use mainly rely on three types of seals: either 

metal-to-metal shouldering seals or seals formed by engaged threads with high thread 
interference using thread compound to effect a seal in the void areas, or deformable seal 
rings entrapped in the thread area. All three seals of these types are disabled by the radial 
expansion caused by the pig. In each case, following the expansion of the pin and box, 

10 the pin and box members radially separate, causing the seals to fail. 

The end of the expanded pin has a natural tendency to spring back into the 
internal diameter of the pipe when the pig is removed. The separation and distortion 
following the expansion process compromises the seals located between the pin and box 
and creates an obstruction in the bore of the pipe. The distortion can be so great that the 

15 pin and box threads may also disengage. 

A related cause of the failure of expanded connections is that the radial expansion 
of a conventional casing joint connection produces different degrees of permanent 
deformation in the pin and box. When the expanding force is removed, the pin tends to 
return to its original dimensions more so than does the box. The result is an annular 

20 separation between the pin and box that may permit leakage or mechanical separation. 

Radial expansion of conventional connectors may also permit the connectors to 
leak. The sealing mechanism in many threaded pipe connections results from the 
engagement of metal-to-meal sealing surfaces in the pin and box. The engagement of 
these seal surfaces closes the annular space between the pin and box to provide a pressure 

25 seal. Radial expansion of the connection can distort or displace the sealing surfaces to 
permit leakage through the annular space. 

Connectors that employ an elastomeric, annular seal ring between the engaged 
surfaces of the pin and box are also subject to leakage when the connection expands 
radially. The annular elastomeric seal of conventional O-ring-sealed connectors is 

30 carried in an annular groove formed in either the pin or the box, or both. The seal of such 
a connection is formed when the annular seal ring is compressed radially between the 
fully engaged pin and box. Subsequent radial expansion of the engaged connection 
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changcsthcradialcompressionoftheannular seal ring, which in turn may pennit leakage 
through the expanded connection. The dimensional changes in the groove occurring 
dunng the expansion process may also damage the annular seal ring, permitting the seal 
to leak. 

i Conventional well pipe connections are also susceptible to splitting along the 

length of the box when the connections are expanded radially. The expansion process 
concentrates stresses of expansion in any thin wall sections present at the ends of the 
connected pipe segments. The acceptable tolerance for wall thickness in conventional 
connectors is relatively large so that a pin or box may have a non-uniform thickness that 
includes relatively thin wall areas without being defective. In this conventional 
connector, however, the concentration of the stresses induced by expansion of the 
connections may be sufficient to rupture or over-expand the thin section. The probability 
of a conventional connector having an area with a relatively thin wall section in either the 
box or the pin is too great to employ such connectors in pipe strings that are to be radially 
15 expanded. 



10 



Summary of the Invention 

An annular, elastomeric seal is carried in a non-standard annular groove formed 
within the threaded box of a tubular connector. An annular, spacer ring is positioned 
adjacent the seal ring within the groove. The dimensions of the groove and the seal ring 

20 and spacer ring are functionally related so that the seal ring is compressed axially and 
radially when the pin of the connection is expanded radially into the box and both the box 
and pin are then further expanded radially. Radial expansion of the connection causes 
the groove in the box to contract axially, forcing the spacer ring against the seal ring to 
compress the seal ring between the spacer and the opposing wall of the groove. The 

25 spacer ring assists in retaining the seal ring within the groove and also serves as a 
compressive wall surface to trap the seal ring and force it to expand within the groove as 
the groove contracts during the expansion of the connection. The expanded seal ring is 
extnided into the gap between the pin and box at the groove wall opposite the expansion 
ring to provide a pressure-tight seal. 

30 A preferred form of the connection of the present invention is equipped with a 

single-taper thread section having a hooked thread form with no significant radial thread 
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interfcrence between the engaged pin and box components. An internal, reverse angle 
torque shoulder engages the end of the pin to prevent the pin end from moving radially 
inwardly away from the expanded box following the expansion of the connection. 

The outside diameter of the box adjacent the thin section of the face of the box 
> and the inside diameter of the pin adjacent the thin section end of the pin are machined 
to limit the variation of the wall thicknesses of the two connection components to prevent 
concentration of stresses in a thin-walled portion of either of the components during the 
expansion process. 

Where the pig travels from the pin into the box, the pin internal diameter is less 
than or equal to the box internal diameter. Smooth and gradual transitions between the 
machined internal diameters and the "as rolled" internal diameters on the pin and box 
connections are also provided to limit the induced stress formed in the connection as it 
is expanded radially. 

An elastomeric, annular seal is installed in a groove in the box between the end 
15 of the thread and the reverse angle torque shoulder provided for capturing the pin end. 
The annular seal is dimensioned to accommodate the radial expansion and axial 
contraction of the connection during the expansion process while maintaining sealing 
integrity. An annular spacer ring employed in the groove with the seal ring constrains 
the movement of the seal ring as the pin enters the box during the connection assembly 
20 and as the connection is enlarged during the expansion process to maintain the seal ring 
in place and to protect it from damage. 

If desired, a second elastomeric seal ring may be installed in the pin of the 
connection between the end of the pin thread and the extreme end of the pin connection 
to seal against external pressure. The second seal ring is also employed with a spacer 
25 ring, and both are carried within a groove formed in the pin, with the groove having 
dimensions that cooperate with those of the seal ring and spacer ring to cause the seal 
ring to expand radially as the connection is expanded radially. 

The reverse angle torque shoulder provides a positive makeup position reference 
to assist in assembly of the connection and also provides a mechanism to store torsional 
energy to resist any unscrewing of the connection after assembly. Additionally, the 
reverse angle torque shoulder provides radial support to the nose of the pin to prevent the 
pin from disengaging from the box during the expansion process. 
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The threads of the connection are dimensioned to provide a means to easily 
assemble the connection and provide a structural element for supporting the loads 
encountered in the running and setting of the well string. The thread taper provides a 
means to maximize the load-bearing sections of the connections. 
5 The provision of free-running threads (no thread interference) enables the 

connections to be made up with reduced probability of galling of the thread. The use of 
a hooked thread form provides additional structural support to maintain the mechanical 
connection between the pin and box during the radial expansion of the connection. The 
hooked thread form also retains the pin and box together as the pin retracts after 
10 expansion. The hooked thread form also provides additional support to assist the pin 
from radially extending from the box and "jumping out" during application of axial 
tension loads. 

An important feature of the present invention is the provision of a controlled 
thickness over the thin sections of the face of the box employed in the connection. By 

15 controlling the variation in the thickness of the thin section at the face of the box, large 
variations in the thickness are avoided to prevent concentration of strain in the thinner 
portions, which causes the thin portion to split during the expansion process. Splitting 
of the thin sections can permit the connection to leak and fail structurally, causing 
disengagement of the box and pin. 

20 In a preferred form of the invention, at the face of the pin, the internal diameter 

of the box of the connection is substantially the same as that of the pin. If the box 
internal diameter is significantly smaller than the pin internal diameter at the internal 
interface between the pin and box connection, the box will radially expand more than will 
the pin. This greater radial expansion can significantly reduce, or completely eliminate, 

25 the contact of the seal ring between the pin and box, causing leakage. The greater radial 
expansion of the box may also lessen or eliminate the radial engagement of the thread 
flanks. A reduction or elimination in the radial engagement of the thread flanks may lead 
to an inability of the threads to maintain adequate structural support for the applied 
loads, causing the connection to disengage. 

30 The pin and box connections of the preferred form of the present invention are 

provided with substantially concentric internal diameters to further ensure that the pin 
and box are radially expanded to the same extent. The provision of uniform wall 
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thicknesses in the pin and box connectors, as well as the provision of substantially 
identical internal diameters between the pin and box is ensured by machining the 
connection in the critical areas to prevent normal variations occuiring in conventional pin 
and box connectors. 

5 Any changes in the internal diameter sections of the connection are held at 

smooth and gradual transitions to prevent abrupt changes that may disrupt the passage 
of the expansion device as it moves through the connection. 

The annular seal ring of the present invention is positioned between the engaged 
pin and box in a way to prevent or reduce passage of well bore fluids from the inside of 

10 the pipe, even after the connection has been expanded radially. The dimensions of the 
annular seal ring are selected to maintain an adequate "squeeze" after the expansion of 
the connection to create and maintain a desired seal between the engaged pin and box. 

The annular backup ring employed in conjunction with the annular seal ring 
prevents the seal ring from being either partially or completely moved out of the seal 

15 assembly groove during the assembly of the connection. The backup ring also prevents 
the annular seal ring from being partially or completely pushed out of the seal ring 
groove during expansion of the connection. 

If desired, the seal of the present assembly may also be employed as an external 
seal within a groove in the pin connection between the end of the thread and the external 

20 shoulder of the pin. The annular seal ring and spacer ring of the external seal are 
dimensioned as with the case of the internal seal assembly employed in the box so that 
the seal ring expands radially into sealing engagement between the pin and box during 
the expansion process. The primary purpose of the second seal assembly is to provide 
better resistance to the passage of fluid from the outside of the pipe into the inside of the 

25 pipe. Placement of the optional seal ring assembly at this position provides better 
resistance to the passage of fluid from the outside of the pipe because of its presence in 
a substantially thicker section of the pin, which provides more resistance to radial 
separation between the pin and box seal surfaces under pressure loads. 

By employing an elastomeric annular seal ring in a groove having dimensions that 

30 cause the seal ring to extend radially when the connection carrying the seal is expanded 
radially, an effective seal is maintained between the expanded pin and box. In addition, 
by maintaining a uniform thickness around the circumference of the box counterbore by 
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machining 

elTects of plasUc strain induced during the expansion process are distributed evenly to 
prevent splitting of the box connection. The machining step a.so ensures that a high 
degree of concentricity is m aintained between the interna! diameter of the engaged pin 
and box connection, This permits the forging pig , 0 pass through the connection 
w.thout hindrance and prevents a high degree of differential expansion between the pin 
and box connection to prevent disengagement of the threads and/or seals. 

Conventional flush join, connections are machined on plain end pipe, with the 
P.pe end being swaged and then machined to a significantly smaller diameter than the 
P.pe. The resulting difference in internal diameter between the pin and box of these 
connections creates a, abrupt change in the connection geometry that can hinder the 
passage of the pig. The present invention provides a machine surface on the pin's 

mtemaldiameter.whichissubstantiallymesamediameterasthematingboxconnection, 
to prevent the abrupt change in connection geometry. 

Casing formed by electric resistance welding, rather than seamless casing has a 
more uniform body wall and is preferred for use in an expanded casing string. 

From the foregoing, it will be appreciated that an object of the present invention 
•s to provide a method for radially expanding connected tubular bodies to produce a 
larger internal diameter within the connection, with the enlarged connection being 
20 mechanically secure and leakproof. 

It is also an object of the present invention to provide a method for radially 
expanding a threadedly engaged tubular connection to provide a connection that remains 
securely engaged and leakproof after being expanded. 

Yet another object of the present invention is to provide a method for radially 
expanding a string of joined casing pipe sections within a well bore with each of the 
expanded joint connections remaining securely engaged and sealed to ensure leakproof 
support of the string in the well bore. 

An important object ofthe present invention is to provide a seal assembly that can 
be employed between superimposed, inner, and outer tubular bodies to produce a seal 
when the inner body is expanded radially into the outer body and both bodies are then 
together expanded radially. 
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It is also an object of the present invention to provide an engaged pin and box 
connection having a seal assembly that can be expanded radially to compress the seal 
assembly between the pin and box to form a seal in the expanded connection. 

Yet another object of the present invention is to provide a seal for a pin and box 
5 connection that is compressed axially and radially as the connection is radially expanded 
to provide a seal between the expanded pin and box. 

Another object of the present invention is to provide a pin and box connection in 
which the pin nose is engaged mechanically and locked with the box to prevent the pin 
nose from contracting radially away from the box after the connection is expanded 
10 radially. 

It is yet another object of the present invention to provide a pin and box 
connection having threads that interlock to prevent mechanical separation of the threads 
when the connection is expanded radially. 

An important object of the present invention is to provide a pin and box 
1 5 connection that is resistant to failure at a thin-walled area of either the pin or the box 
when the connection is expanded radially. 

Brief Description of the Drawings 

Fig. 1 is a partial vertical sectional view through a well bore illustrating a 
conventional method for casing a well with each deeper section of casing having a 
20 smaller internal diameter; 

Fig. 2 is a partial vertical sectional view through a well bore illustrating a string 
of flush joint casing run in a well bore prior to being expanded radially; 

Fig. 3 is a partial vertical sectional view of a well casing being expanded radially 
into a surrounding well formation by a forging body moving downwardly through the 
25 casing; 

Fig. 4 is a partial vertical sectional view illustrating the bottom end of an 
expanded casing string in a well bore; 

Fig. 5 is a partial vertical sectional view illustrating a forging tool being advanced 
from a previously expanded casing section into a smaller, unexpanded casing section; 
30 Fig. 6 is partial vertical sectional view illustrating a lower casing section 

expanded radially into a surrounding well bore and a surrounding casing with the 
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rcsuking casing string having an internal diameter substantially the same as that of the 
upper string of casing; 

Fig. 7 is a partial sectional view illustrating an engaged pin and box connection 
with a box seal ring of the present invention; 

Fig. 7A is an enlarged sectional view illustrating details in the construction of the 
unexpanded box 1 seal; 

Fig. 7B is an enlarged sectional view illustrating details in an expanded box seal; 
Fig. 8 is a partial sectional view illustrating a tubular connection having a pin and 
box seal assembly of the present invention; 

Fig. 8A is an enlarged partial sectional view i llustrating details in the construction 
of the pin seal assembly of Fig. 8; 

Fig. 9 is a partial cross-sectional view illustrating a forging element being passed 
through a connection of the present invention at the initial entry into the connection; 

Fig. 9A is an enlarged view of the seal area of Fig. 9 illustrating details in the 
operation of the pin seal assembly of the present invention as it is being extended radially 
outwardly; 

Fig. 10 is a partial sectional view of the connection of Fig. 9 being radially 
expanded by the expansion device, in an intermediate phase of the expansion; 

Fig. 10A is an enlarged view of the seal section of Fig. 10 illustrating details in 
20 the box seal assembly of the present invention; 

Fig. 11 is a partial sectional view of a box of a single-taper, hooked-thread 
connectorof the present invention illustrating details in theseal groove of the connection; 

Fig. 12 is a partial sectional view of a pin connector of the present invention 
illustrating details in the pin end configuration; 
25 Fig. 12A is a cross-sectional view, in enlarged scale, illustrating details in the 

construction of the end of the pin of Fig. 12; 

Fig. 13 is a partial sectional view illustrating details in the construction of the 
groove, annular seal ring and annular spacerring assembly employed in a box connection 
of the present invention; 
30 Fig. 1 4 is a partial sectional view illustrating details in the makeup of a pin and 

box connection as it first engages the seal assembly of the present invention; 

Fig. 15 is an end view, in elevation, of the spacer ring of the present invention; 
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Fig. 16 is a cross-section taken along the line 16-16 of Fig. 15 illustrating details 
in the spacer ring of the present invention; 

Fig. 17 is a vertical elevation illustrating the annular seal ring of the present 
invention; 

5 Fig. 18 is a cross-sectional view taken along the line 18-18ofFig. 17 illustrating 

the cross-section of the seal ring of the present invention; 

Fig. 1 9 is a table showing the relationship between desired pipe body expansion 
and dimensions of the components of the seal assembly; 

Fig. 20 is a table showing the relationship between the pipe body expansion and 
10 the characteristics and dimensions of the expanded components of the seal assembly of 
the present invention; 

Fig. 21 is a partial sectional view of an engaged pin and box connection of a 
modified form of the present invention; 

Fig. 22 is a partial cross-sectional view illustrating details in construction of apin 
1 5 portion of the connection of the present invention; 

Fig. 23 is a partial cross-sectional view illustrating details in the box construction 
of the modified form of the box connection of the present invention; and 

Fig. 24 is a partial cross-sectional view illustrating details in the thread 
construction of the pin and box connection of the present invention. 

20 Description of the Illustrated Embodiments 

Fig. 1 indicates a conventional completion of a well bore WB drilled through a 
formation F in which successively set casing sections 11, 12, and 13 are cemented in 
deeper sections within the well bore. Since it is necessary to lower the casing section 12 
through the casing section 11, the casing section 12 must be of a smaller external 
25 diameter than the internal diameter of the casing section 1 1 . When drilling very deep 
wells, the described prior art process requires that the well have a relatively large initial 
well bore at the surface in order to have a suitably large well bore adjacent the subsurface 
producing formation. 

Fig. 1 illustrates a conventional liner-type casing completion. In some wells, one 
30 or more of the strings 12 and 13 may extend all the way back to the surface rather than 
being suspended from the casing section immediately above. Some formation problems 



WO 01/04520 PCT/USOO/40341 

-11- 

encountered in certain areas may prevent the typical casing program from being 
employed because of the risk of breaking down the subsurface formation and losing well 
circulation or otherwise losing control of the well. 

Fig. 2 illustrates a string 14 of casing being run into a well bore WB drilled 
5 through the formation F. The string is comprised of a series of connected casing joints 
such as the joints 15, 16, 17,and 18 that are secured by connections 15a, 16a, and Haas 
indicated to form an elongate string that extends to the well surface. The casing string 
14 is illustrated as being made up of individual casing joints of approximately 40 feet in 
length, with a flush joint connection between the adjoining casing joints. In accordance 
10 with the present invention, the casing string 14 is to be radially expanded into 
engagement with the surrounding well bore WB using a forging device that passes 
internally through the casing string 14 and the connections 15a, 16a, and 17a of the 
present invention. 

Fig. 3 illustrates a pig P being forced down through the casing string 14 by a 
1 5 suitable force, such as hydraulic pressure, causing the casing string to expand radially 
into engagement with the wall of the surrounding well bore WB. The casing string 14 
is, in one form of the invention, expanded radially until the internal diameter of the string 
is approximately the same dimension as the internal diameter of the well bore below the 
expanded area of the casing. The lower internal surface of the casing string 14 is 
20 provided with a reduced wall thickness and annular ridges 20 that are employed to secure 
the next string of casing. 

While the pig P is illustrated as being applied to the casing string 14 from the 
surface downwardly toward the bottom of the casing string, it will be understood that in 
practical applications, the forging device may actually be carried at the bottom of the 
25 casing string and be activated with the string in place to force the pig from the bottom of 
the string back toward the well surface. The particular means for moving the forging 
element through the well string and details in the construction of the forging element are 
not a part of the present invention. 

Fig. 4 illustrates the casing string 14 fully expanded into the surrounding well 
30 bore WB. 

Fig. 5 illustrates the pig P being advanced into the top end of a second section of 
casing 21 positioned with its uppermost section within the lowermost section of the 
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casing string 14. The casing section 21 has an external diameter that is less than the 
internal diameter of the expanded casing string section 14. 

Fig. 6 illustrates the casing section 21 expanded radially into engagement with 
the surrounding formation F and mechanically secured by the forged mechanical 
5 interlock between the top of the casing section 2 1 and the lower end of the casing section 
14. The manner of connecting the top of casing section 21 to the lower end of casing 
section 14 is exemplary and is not a part of the present invention. Following the radial 
expansion of the casing section 21, the well bore WF is cased along its entire length by 
a single string of casing having an internal diameter substantially equal to the internal 
10 diameter of the original well bore into which the casing string 14 was run. 

Fig. 7 illustrates a cross-sectional view of a connector of the present invention 
indicated generally at 25. The connector 25 includes a pin section 26 and a box section 
27. The threads engaging the pin and box are of a hooked type formed along a single 
taper. While a specific form of thread profileand configuration is illustrated for purposes 
15 of describing the connection and seal of the present invention, it may be appreciated that 
any suitable thread form may be employed in the present invention. Preferably, the 
thread form provides a mechanically locking or hooking-type thread that is formed along 
a single taper. 

The connector 25 includes an annular seal assembly indicated generally at 28 
20 comprised of an annular elastomeric seal ring 29 and an annular spacer ring 30. The seal 
ring and spacer are carried in an annular groove 3 1 formed within the base of the threads 
within the box 27. In a preferred form, the seal ring 29 is constructed of a suitable 
resilient material, such as a fluorocarbon compound, and the spacer ring 30 is constructed 
of a less resilient material, such as a Teflon-containing compound. 
25 Fig. 7A illustrates details in the construction of the annular seal assembly 28 and 

pin nose configuration of the connector 25 of Fig. 7. Fig. 7A illustrates an example of 
the dimensional relationships between the annular groove 3 1 and the seal ring and spacer 
ring carried within the groove in a connection before the radial expansion of the 
connection. The groove 3 1 has a depth 3 1 a and a width 31b. The groove depth 3 1 a is 
30 less than that of a standard groove conventionally used in a connection with a seal ring 
having the dimensions of the ring 29. A conventional seal ring and groove connection 
provides a squeeze of approximately 11-15% where squeeze is defined as the change in 
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cross- 
a 



the cross-sectional heigh, of the seal ring divided by the original, undeformeo 
sectional height of the sea! ring. The connect™ of the present invention provides 
squeeze of as much as 26% or more. 

The expansion ring 30 bridges the gap between the pin and box as the pin enters 
5 the box to prevent the sea. ring 29 from being pushed out of the groove and into the gap 
between the pin.nose and the box. The groove width 31b is selected such that the seal 
29 .s compressed during the initial makeup to only partially fill the groove 3 1 to thereby 
prevent the seal ring from extruding into the gap between the pin and box. 

The seal ring 29 is preferably positioned such that the expanding tool first 

10 «Pandstheareaunderlyingthesealringbeforeexpandingtheareaunderlyingthespacer 
ring 30. The presence of the spacer ring 30 prevents the seal ring from extruding into the 
gap 31c as the spacer tool advances through the connection. The expansion of the 
connection increases the internal radius of the pin 26 and the box 27 but does not 
significantly reduce the groove depth 31a. The expansion does, however, reduce the 

15 groove width 31b. The result is that the expansion process reduces the total volume 
defined between the annular groove 3 1 and the external surface of the pin 26. 

As may be seen by reference to Fig. 7B, the groove volume is reduced by the 
expansion process, causing the resilient seal ring 29 to overfill the groove 31. The 
expansion ring 30 remains in contact with the external surface of the pin during the 
20 expansion process, preventing the seal ring 29 from entering the gap between the pin 26 
and box 27 on the expansion ring side of the groove. The seal ring is free, however, to 
expand into the gap 3 1 d at the opposite end of the groove. The extrusion into the gap 3 1 d 
may occur during the initial expansion and may also occur after the pin 26 shrinks away 
from the box 27 following passage of the expansion tool. The resulting extruded sealing 
25 area 29a of the seal ring 29 assists in providing the seal between the expanded pin and 
box. 

Use of a single spacer ring 30 on only one side of the seal ring 3 1 , rather than a 
spacer ring on each side of the seal ring, permits the compressed seal ring to extrude out 
of the groove 31 to enhance the sealing effect between the connection components. The 
30 single spacer ring maintains the seal ring in place during assembly and expansion without 
limiting the extrusion of the ring into the gap resulting after the connection expansion. 



10 



15 



WO 01/04520 PCT/US00/40341 

-14- 

Fig. 8 is a cross-sectional view of a modified form of the connection indicated 
generally at 32. The connection 32 of thepresent invention includes a box section 33 and 
a pin section 34. An annular seal assembly 35 is provided at the base of the threads of 
the pin 34 to provide a seal between the external well bore environment and the engaged 
5 thread area of the connector 32. The seal assembly 35 includes an annular, elastomeric 
seal ring 36 and an annular spacer ring 37 carried in an annular groove 35a. The base of 
the box connector 33 is provided with an annular seal assembly 38 that prevents pressure 
leakage from the area within the tubular connector. The annular seal assembly 38 
includes an elastomeric seal ring 39 and an annular spacer ring 40. 

Fig. 8A illustrates details in the seal assembly 35. As may be noted by reference 
jointly to Figs. 7A and 8A, the seal assemblies 28 and 35 do not completely fill the 
grooves 3 1 and 35a within which they are positioned. The purpose of this dimensional 
relationship between the seal assemblies and the grooves will be explained hereafter in 
greater detail. 

Fig. 9 illustrates the pig P as it advances through the connector 32 of the present 
invention. The illustrated expansion process occurs with the pig P advancing from the 
pin toward the box of the connection. It may be appreciated that the expansion process 
may be reversed with the pin first expanding the box and subsequently, the pin. 

Fig. 9A illustrates details in the operation of the seal assembly 35 as the 
connection is being expanded. During this initial expansion, the spacer ring 37 assists 
in limiting the movement of the seal ring 36 to prevent damage to the seal ring and to 
provide a backup surface against which the seal ring 36 will react during the latter part 
of the expansion to expand radially outwardly, thereby maintaining a seal between the 
pin and box connection. Fig. 9A also illustrates the locking engagement between the 
25 hook threads of the pin and box, which assist in preventing the pin and box connections 
from separating during and after the expansion process. The illustrated thread form is 
provided with a negative load flank to achieve this purpose. One embodiment of the 
invention employed pin and box threads having a lead of 0.2000 in/in; a thread height 
that allows the maximum efficiency of the connection (no thread interference); and a 
30 thread taper that optimizes the overall length of the connection. A form of the invention 
suitable for expansion of up to 20% of the pipe outside diameter employed a premium 
connection with a five-thread-per-inch, one-inch-per-foot taper, a 0.050-inch thread 
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height, a negative load flank, and a positive stab flank. It will be appreciated that other 
thread forms and locking configurations may also be employed to achieve the desired 
retention between the expanding pin and box connection. 

Fig. 10 illustrates details in the expansion of the seal assembly 38. A detailed 
5 view of the seal area of the assembly 38 is illustrated in Fig. 10A. Before the connector 
.s expanded, the,seal ring 31 and spacer ring 40 are seen to occupy less than all of the 
volume defined by the annular groove 39 and the pin nose. The nose of the pin is also 
illustrated deflected radially inwardly away from the surrounding box connection during 
the initial phase of the expansion of the pin nose. An internal reverse angle torque 
10 shoulder 39a is formed at the base of the threads of the box section 33. As will 
hereinafter be more fully described, the shoulder 39a functions to hold the reversely 
tapered nose end 34a of the pin section in its expanded position after the connection has 
been fully expanded. 

Fig. 1 1 illustrates details of a box 50 of the present invention. The wall thickness 
15 dimension BW at the face end of the box is maintained uniform around the entire 
circumference of the box to prevent relatively thin-walled areas from occurring in the 
box. A suitable length of the external area indicated at BE is machined to ensure that the 
box wall is of uniform thickness in the area BE throughout the entire circumferential 
development of the box. In a box of 5.5-inch OD flush joint pipe, the dimension BE may 
be approximately 1 .5 inches or more. The dimension BW for 5.5-inch pipe is preferably 
greater than 0.055 inches. The ratio of the cylinder minimum wall/maximum wall 
thickness for the connection at the face of the box is preferably greater than or equal to 
0.700. In general, the preferred connection employs a thickness of the cylinder wall that 
is greater than 0.055 inches, with the ratio of the minimum wall of the box cylinder at the 
25 face divided by the maximum wall thickness at the face being greater than 0.700. 
Connections having these designs are resistant to splitting during the expansion process. 
For most casing sizes to be used in the process of the present invention, these dimensions 
are met by machining the outside diameter of the box a minimum length of 1 .5 inches 
from the face and physically verifying with a thickness gauge that the wall thickness and 
30 wall thickness ratios are met. Any other suitable technique for ensuring that the wall 
thicknesses are uniform may also be employed. 



20 



10 



15 



WO 01/04520 PCT/US00/40341 

-16- 

The box connection 50 preferably includes an annular groove 51 in which the 
cross-sectional area 52 of the groove is greater than or equal to the box critical cross- 
sectional area 53. 

Fig. 1 2 illustrates details in the construction of a pin 60 of the present invention. 
5 The pin nose 61 is tapered to be engaged by and retained within the internal reverse angle 
torque shoulder formed at the base of the box. An internal area PE extending back from 
the pin nose is machined to ensure proper, uniform wall thickness of the pin. In a 
connector for a 5.5-inch OD flush joint pipe, the area PE may be approximately 1.5 
inches. The pin nose thickness PW is preferably greater than or equal to 0.050 inches. 
The cross-sectional area at 63 of the groove 64 is greater than or equal to the cross- 
sectional area of the pin critical cross-sectional area at 65. 

With reference to Fig. 12A, illustrating details in the pin end configuration, a 
transition angle T is machined on the pin to allow the annular seal ring to slide into 
position during the makeup of the pin into the box of the connection. In a preferred form 
of the invention, the angle T may be approximately 1 0°. The taper angle N of the pin 
end may be approximately 15°. 

Fig. 13 illustrates details in the cross-section of the box groove of the present 
invention. An elastomeric O-ring seal (seal ring) 71 is illustrated adjacent an annular 
spacer ring (position ring) 72 within an annular groove 73. The seal ring 71 is seen to 
20 extend radially inwardly beyond the groove before the pin and box of the connection are 
engaged. The spacer ring 72 extends radially approximately the same radial dimension 
as the groove 73. The amount of radial extension of the seal ring 71 beyond the face of 
the groove is indicated by the dimension V. During makeup of the connection, the 
position ring 72 provides an axial bearing surface for the seal ring 71 . This prevents the 
25 seal ring 71 from being sliced or torn apart by engagement in the groove wall during 
makeup. In one form of the invention, the position ring is selected to interfere with the 
pin nose on all pipe diameters in the range of 0.002 inches to 0.006 inches interference 
per radius. The initial gap between the box back cylinder and the pin nose cylinder on 
all pipe diameters is in the range of 0.006 inches to 0.014 inches. 
30 Fig. 14 illustrates the connection of the present invention during the advance of 

the pin into the box. In this position, the pin nose slides under the seal ring 71 and moves 
into the position ring 72. In the illustrated form of the invention, the interference 
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between the OD of the pin nose and the ID of the position ring is in the range of 0.002 
inches to 0.010 inches on the radius. The position ring maintains the sea! ring in the 
groove during the makeup of the connection. 

Figs. 15 and 16 illustrate details in the spacer ring 65 of the present invention. 
5 For use with a 5.5-inch outside diameter connection, the spacer ring is provided with an 
internal diameter of 4.994 inches, an external diameter of 5. 104 inches, a thickness of 
0.055 inches, and a width of 0.067 inches. In a preferred form of the invention, the 
position ring 65 is constructed of virgin Teflon with 25% fiberglass filler. All sharp 
edges are removed from the position ring to assist in its ease of movement through the 

10 groove and to prevent damage to the adjacent seal ring. Other compositions may 
beneficially be employed for the position ring 65, including a 100% Teflon composition. 

Figs. 17 and 18 illustrate an elastomeric, annular seal ring 66 employed in the seal 
assembly of the present invention. The seal ring may be constructed of any suitable 
material, such as a fluorocarbon V 747-75 compound with a Shore A durometer range 

15 of70-75. 

Fig. 1 9 is a table illustrating the relationship between the percent expansion of the 
pipe body and characteristics or dimensions of the seal ring, groove width, and spacer 
ring of the present invention. As indicated in Fig. 1 9, a body expanded 10% is provided 
with a seal ring ("O-ring") having a cross-section of 0.070 inches ± 0.003 inches. When 

20 employed with a spacer ("positioning ring"), the groove width for the seal is 0. 1 56 inches 
± 0.002 inches. For the illustrated O-ring selection, the position ring should occupy more 
than 49.5% of the volume of the groove. The O-ring should occupy less than 4 1 % of the 
volume of the groove. With this combination of seal ring and position ring, less than 
9.5% of the groove volume is not filled. Fig. 19 provides the relationship between the 

25 seal ring, O-ring, and groove dimensions for various combinations of pipe expansions 
and O-ring cross-sectional, groove width, and ring volumes. 

Fig. 20 is a table that shows the relationship between the percent pipe body 
expansion, the seal ring cross-section, the groove width with position rings, and the 
percentage of squeeze before and after expansion of the connection. Thus, for a 10% 

30 expansion of the pipe body and an O-ring cross-section of 0.070 inches ± 0.003 inches, 
a groove width with position ring of 0. 1 56 inches ± 0.002 inches, the percentage squeeze 
before expansion is greater than 28.0%, and the required percentage squeeze after 
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expansion is greater than 26.0%. The O-ring squeeze is calculated employing the 
assumption that the diameter of the O-ring seal would reduce by 10% at the initial 10% 
of the expansion process and 5% more during the last 20% of the expansion process. The 
O-ring seal and position ring volume will remain constant during the expansion process. 
5 The groove diameter and pin nose cylinder diameter will expand 1 to 1 with the 
expansion percehtage. The groove width will decrease during the expansion process. 
Limiting the total groove volume not filled after installing the O-ring and position ring 
will accommodate the expansion process so that the area between the engaged and 
expanded pin and box is bridged by the O-ring seal. 

10 Fig. 2 1 illustrates a modified form 70 of the connection of the present invention. 

The connection 70 includes a pin connection 7 1 and a box connection 72. A nose section 
73 of the pin 71 is provided with a reversed angle tapered face that engages a reverse 
angle torque shoulder 74 formed in the box. A compressible seal assembly 75 is 
provided in a groove formed in the box section 72. The internal diameters of the pin 

1 5 section 71 and box section 72 are tapered radially outwardly along the area indicated at 
TA. In a 5.5-inch OD connection, the length TA is approximately 2.4 inches. In this 
connection, the connection efficiency is equal to 45.1 1%; the pipe body area equals 
4.9624 square inches; the critical area box equals 2.2384 square inches; the pin critical 
area equals 3.1036 square inches; the shear force area equals 2.7980 square inches; the 

20 thread flank area equals 5.6632 square inches; the bearing area equals 3.2677 square 
inches; the torque shoulder area equals 1 .2252 square inches; and the maximum yield 
torque equals 4246 foot pounds. 

Fig. 22 illustrates additional details in the connection 70. The pin connection is 
seen to include a taper angle L of approximately 2° that extends approximately 1 .2 inches 

25 from the nose of the pin back towards the body of the pin connection. 

Fig. 23 illustrates details in the box of the connection 70. The box section 
includes an angle M of approximately 2°, providing the internal taper of the section and 
extending approximately 1 .2 inches from the torque shoulder. The connection includes 
a hook thread with a seal ring groove 75a cut in the box thread to receive the seal 

30 assembly. 

Fig. 24 illustrates details in the structure of the hook thread of one form of the 
threads that may be employed in the connectors of the present invention. The threads are 
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formed along a single taper 76 of the threaded area, and the thread flanks 77 are parallel 
to the taper. The threads have a negative load flank 78 and a positive stab flank 79. 

The preferred form of the invention as described herein is preferably machined 
on pipe in an integral joint type of configuration where a pin connection is machined on 
5 one plain end of the pipe and a box connection is machined on the other plain end. Other 
embodiments are possible and feasible as well. For example, instead of plain pipe ends, 
one end or both of the pipe ends could be either internally and/or externally upset. 
Additionally, rather than the pipe being threaded with a pin on one end and a box on the 
other end, the pipe may be threaded with either a pin and/or box on both ends and 
10 connected with a pin-by-pin or box-by-box coupling. The pipe ends in this latter 
configuration may be either plain end and/or internally and/or externally upset. 

If desired, the pipe ends may be either expanded and/or swaged. This pipe may 
then be threaded pin-by-box and connected by connectors that are threaded pin-by-box. 
It will be appreciated that the outside diameters of the pin and box connections need not 
15 necessarily be the same. The threads of the connection also need not necessarily be 
threaded on a taper. If desired, the threads may be machined without a taper, or there 
may be provided two thread steps that are radially separated. In the two-step 
configuration, the threads may be straight or tapered, or a combination of both. 

While the preferred form of the present invention does not employ radial thread 
20 interference, the threads may have such radial thread interference without detrimental 
effect in a suitable design. Moreover, if desired, the threads may be of the "wedge 
thread" type, where both the stab and load flank are hooked. 

The reverse angle torque shoulder provided in the box may not be required where 
wedge-type threads are employed. The torque shoulder in such applications may be a 
25 conventional 90° angle shoulder or may be dispensed with altogether. Similarly, if the 
length of the pin nose is sufficiently long, a reverse angle torque shoulder may not be 
required. 

If desired, the connection may be provided with an external torque shoulder 
located at the face of the box and/or an intermediate torque shoulder provided between 
30 two thread steps. 

The box internal diameter at the interface between the pin and box connection 
may be substantially larger than the pin, provided there is a smooth and gradual transition 
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between the two internal diameters of the pin and box. If desired, the internal diameter 
of the box at the interface between the pin and box connection may be substantially larger 
than the pin ID without a smooth and gradual transition, provided that the expanding 
device is moving in a direction such that the device is exiting the pipe having the pin 
5 connection and entering the pipe end having the box connection. 

The foregoing description and examples illustrate selected embodiments of the 
present invention. In light thereof, variations and modifications will be suggested to one 
skilled in the art, all of which are in the spirit and purview of this invention. 
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Wbat is claimed is: 

1. A method for sealing the connection between adjoining tubular bodies 
comprising the steps of: 

placing the axial end of a first tubular body within the axial end opening of a 
second tubular body whereby an annular area is defined between said bodies; 

disposing a sealing component in said annular area between said first and second 
tubular bodies; and 

radially expanding said first and said second tubular bodies to compress said 
sealing component between said first and second tubulars to seal the annular area 
between said first and second tubulars. 

2. The method as defined in Claim 1 wherein said sealing component 
comprises an elastomeric seal ring and a separate spacer ring. 

3. The method as defined in Claim 2 wherein said seal ring is comprised of 
a fluorocarbon compound and said spacer ring is comprised of a Teflon-containing 
compound. 



4. A method for forming a seal between telescopically engaged, tubular 
bodies comprising the steps of: 

disposing a seal component in the overlapping annular area between first and 
second telescopically engaged tubulars; and 

radially expanding said first and said second tubular bodies to compress said seal 
component for forming a seal between said first and second tubulars in said overlapping 
annular area. 



5. The method as defined in Claim 4 wherein said seal component comprises 
an elastomeric seal ring and a separate spacer ring. 

6. The method as defined in Claim 4 wherein said seal component is carried 
in an annular groove formed in one of said bodies in said overlapping area. 
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7. The method as defined in Claim 5 wherein said seal ring is comprised of 
a fluorocarbon compound and said spacer ring is comprised of a Teflon-containing 
compound. 

8. The method as defined in Claim 6 wherein the squeeze of said seal ring 
before expansion of said tubular bodies is greater than 15%. 

9. A method for sealing telescopically engaged tubular bodies comprising 
the steps of: 

inserting the axial end of a first tubular body into the axial end opening of a 
second, larger diameter tubular body whereby said second body overlaps said first body 
in an axially extending annular area adjacent the axial ends of said first and second 
bodies; 

disposing a deformable sealing component in the annular area between said first 

and second tubular bodies; 

radially expanding said first and said second tubular bodies; and 
compressing said sealing component during said expanding step for forming a 

seal between said first and said second tubular bodies in said annular area. 

10. The method as defined in Claim 9 wherein said sealing component 
comprises an elastomeric seal ring and a separate spacer ring. 

11. The method as defined in Claim 1 0 wherein said seal component is carried 
in an annular groove formed in one of said bodies in said overlapping area. 

1 2. The method as defined in Claim 1 1 wherein the squeeze of said seal ring 
before expansion of said tubular bodies is greater than 15%. 

13. A method of sealing the engaged threaded connection between a threaded 
tubular pin member and a threaded tubular box member comprising the steps of: 

disposing a sealing component in the annular area defined between said pin 
member and said box member; and 
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radially expanding said pin member and said box member to compress said 
sealing component to form a seal in the annular area whereby fluids are prevented from 
moving axially across said annular area. 

14. The method as defined in Claim 13 wherein said sealing component 
comprises an elastomeric seal ring and a separate spacer ring. 

1 5. The method as defined in Claim 1 4 wherein said seal component is carried 
in an annular groove formed in one of said members in said annular area. 

1 6. The method as defined in Claim 1 5 wherein the squeeze of said seal ring 
before expansion of said tubular bodies is greater than 1 5%. 

1 7. The method as defined in Claim 1 6 wherein said seal ring is comprised 
of a fluorocarbon compound and said spacer ring is comprised of a Teflon-containing 
compound. 



1 8. A radially expanded, sealed connection between a threaded pipe pin and 
a threaded pipe box made by the process of: 

threadably engaging a threaded pin into a threaded box to form an annular 
engaged area between said pin and said box; 

disposing an annular sealing component in the annular engaged area between said 
pin and said box; and 

radially expanding said pin and said box in said engaged area to compress said 
sealing component in said engaged area for forming a seal preventing axial fluid travel 
across said engaged area. 

19. The method as defined in Claim 18 wherein said sealing component 
comprises an elastomeric seal ring and a separate spacer ring. 

20. The method as defined in Claim 1 9 wherein said seal component is carried 
in an annular groove in said pin or said box. 
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21. The method as defined in Claim 20 wherein the squeeze of said seal ring 
before expansion of said pin and said box is greater than 1 5%. 

22. A seal for a threaded connector comprising: 

an internally threaded tubular box connector for receiving an externally threaded 
pin connector; , 

an annular groove formed in the internal surface of said box connector; 

an annular, elastomeric seal element carried in said groove for engaging and 
sealing against said pin connector when said pin connector is received within said box 
connector; and 

an annular spacer ring carried in said groove whereby said spacer ring engages 
said seal element to retain said seal element in said groove when said pin is received in 
said box. 



23. The seal as defined in Claim 22 wherein the squeeze of said seal element 
is greater than 15%. 

24. The seal as defined in Claim 23 wherein said seal element comprises a 
fluorocarbon compound and said spacer ring is comprised of a Teflon-containing 
compound. 

25. The seal as defined in Claim 23 wherein said groove is formed in said box 
and said seal element is disposed between said spacer ring and the face of said box, 
whereby the nose of said pin engages said seal element before engaging said spacer ring 
when said pin is threadably received in said box. 

26. A seal for a threaded connector comprising: 

an externally threaded pin connector for engagement within an internally threaded 
box connector; 

an annular groove formed on the external surface of said pin connector; 
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an annular, elastomeric seal element carried in *»;a 

cmenI camed m ss »d groove for engaging and 

sealing against said box connector when cairf «;„ ™„ . 

uor wnen said pm connector is engaged within said box 

connector; and 

an annular spacer ring carried in said groove whereby said spacer ring engages 
said seal element to retain said seal element in said groove when said pin is engaged in 
said box. 



27. The seal as defined in Claim 26 wherein the squeeze of said seal element 
is greater than 15%. 

28. The seal as defined in Claim 27 wherein said seal element is comprised 
of a fluorocarbon compound and said spacer ring is comprised of a Teflon-containing 
compound. 

29. A seal mechanism for a radially expandable connection assembly 
comprising: 

a pin member, 

a box member adapted to telescopically receive said pin member to form an 
overlapping annular area between said pin and box members; 

an annular groove carried by one of said pin members or said box member within 
said overlapping area, said groove defining an annular volume within said overlapping 
area; and 

an annular, deformable seal component carried in said groove, said seal 
occupying less than all of said annular volume of said groove before expansion of said 
connection and occupying a greater percentage of said annular volume following radial 
expansion of said connection assembly to form a seal in said overlapping area. 

30. The seal mechanism as defined in Claim 29 wherein said seal component 
comprises an annular seal ring and a separate annular spacer ring. 



31. The seal mechanism as defined in Claim 30 wherein the squeeze of said 
ring before radial expansion of said connection assembly is greater than 15%. 
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32. The seal mechanism as defined in Claim 31 wherein said seal ring 
comprises a fluorocarbon compound and said spacer ring comprises a Teflon-containing 
compound. 

33. A seal for a pin and box connection comprising: 
an axially and radially extending, externally threaded pin; 

an axially and radially extending, internally threaded box adapted to threadedly 
receive said pin to form an annular surface between an engaged outer surface of said pin 
and an engaged inner surface of said box; 

an annular recess in said inner surface of said box; and 

an annular seal component carried in said recess, said seal component having a 
maximum average axial dimension at least 5% less than the maximum average axial 
dimension of said recess when said pin is received in said box. 

34. The seal as defined in Claim 33 wherein said seal component comprises 
an annular seal ring and a separate annular spacer ring. 

35. The seal as defined in Claim 34 wherein the squeeze of said seal ring in 
said recess is greater than 1 5% before said pin and box connection is radially expanded. 

36. The seal as defined in Claim 35 wherein said seal ring is comprised of a 
fluorocarbon compound and said spacer ring is comprised of a Teflon-containing 
compound. 

37. A method for forming a seal between a pin and box connection 
comprising the steps of: 

disposing a seal component in an annular groove formed internally of a box; 

engaging a pin connection into said box connection to form an overlapping 
annular area between the pin and box, said groove falling within said overlapping area 
and said seal component occupying less than 95% of the volume of said groove when 
said pin is fully engaged in said box; and 
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expanding said pin and box radially in said overlapping area to urge said seal 

componentintosealingengagementwithsaidpinwhereby said seal component occupies 
substantially 1 00% of said groove. 
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